Abstract The problem of early mechanical stability of cemented and cementless keels of the tibial component in total knee arthroplasty (TKA) is controversial. The purpose of this study was to assess clinical and radiographic outcomes of a cohort of 51 TKAs using a cemented platform with cementless keel fixation. At a mean followup of 10.4 years (range, 7 to 14 years), the mean Knee Society Score (KSS) was 93 points (range, 59 to 100 points), and the mean functional score was 73 points (range, 0 to 100 points). Only one patient demonstrated progressive tibial radiolucencies at 13.1 years follow-up, which resolved with a revision with an exchange of components. The results of this study suggest that a proximally cemented tibial tray with a press-fit keel TKA provides excellent mean 10-year outcomes.
Introduction
There is controversy concerning the best techniques and prosthetic designs to ensure fixation and mechanical stability of the tibial component for total knee arthroplasty (TKA). Solid tibial tray fixation is crucial to avoid the risk of failure due to the high torque stresses at the boneprosthesis interfaces. To date, the majority of TKAs in the United States are implanted using cemented tibial components [9, 19, 23] . However, there have also been some studies that have assessed the use of cementless tibial fixation [3, [10] [11] [12] 18] . Many of these cementless implant designs use additional devices, such as screws, pegs or keels, on the tibial component to improve fixation, and some designs allow for cementation of the tibial tray only while press-fitting the stem or keel of the tibial component.
The various design specifications for knee prostheses have evolved in an effort to provide patients with the best functional outcomes after TKA. Several factors may influence prosthetic survival, particularly in terms of aseptic loosening and wear.
These include component alignment, fixation and load distribution [4, 5, 16, 20] . There is no consensus as to whether the use of cement around the tibial keel or post is the most advantageous technique for promoting these factors and subsequent long-term prosthetic survival [8, 15] . Proponents of cementing the entire tibia, including the keel or stem, argue that this technique provides better fixation and prevents aseptic loosening. Others authors believe that future revision will be made more difficult by metaphyseal cement if the tibial post, stem, fin or keel is cemented [4] . This study was undertaken because of the limited studies with divergent view points that have evaluated the clinical outcomes of patients who had TKAs which were performed using cemented tibial bone-plates with cementless keels or stems. The purpose of this study was to assess the 10-year results of total knee replacements that were performed using a proximally cemented tibial tray design and a cementless keel.
Materials and methods
We reviewed the clinical and radiographic outcomes of 51 consecutive knees (42 patients) that underwent TKA using a press-fit keel stem design with cementation of the tibial tray only. No keels or stems during this study period were cemented due to poor bone quality. Following institutional review board approval, all of the patient data was prospectively collected and entered into a database. Patients were included if they had a minimum of 7 years of final follow-up (mean 10 years, up to 14 years).
The pre-operative evaluation included the collection of demographic data, medical history, primary diagnosis, prior treatment of the affected joint and Knee Society Scores (KSS). The study cohort included 20 men and 22 women who had a mean body mass index (BMI) of 30.9 (range, 21.4 to 45.7). The patient mean age at the time of surgery was 74 years (range, 45 to 84 years). The underlying diagnosis was osteoarthritis in 50 knees and osteonecrosis in one knee. All procedures were performed using a posterior cruciate-retaining total knee (Series 7000, Stryker® , Mahwah, New Jersey).
Spinal anaesthesia, including intrathecal bupivacine and morphine, was used and intravenous cefazolin was administered for surgical prophylaxis. A midline incision was made and parapatellar arthrotomy was performed under tourniquet haemostasis. The tibia was prepared for the press-fit technique using a keel punch designed specifically for the press-fit technique. The knee system also had a separate punch that allowed for a 2-mm mantle of cement, though this was not used in this study. The keel of the tibial component was pressfitted into the proximal tibia and the baseplate was cemented onto the proximal tibial surface (Fig. 1) . The femoral and all polyethylene patellar components were also cemented. The tourniquet was released after the wound was closed, and a dressing and compression stocking were then applied. The mean operating time was 68 min (range, 41 to 140 min). There were no surgical complications. Post-operatively, patients were allowed immediate, full weight-bearing activities. A standardised physical therapy program was begun on the first post-operative day, but no continuous passive motion machine was used.
The post-operative clinical assessment included the evaluation of pain and function using the Knee Society's objective rating system. Evaluations were done at annual or biannual intervals. Post-operative scores were assigned based on each patient's clinical status at the time of the latest follow-up.
Routine X-rays, including standing anteroposterior and lateral, were done at each follow-up. A zonal analysis was performed to assess for the presence of progressive radiolucent lines. Lucent lines were assigned to zones using recommended Knee Society guidelines by width and location, and the lines were noted to be progressive or stable. Pre-and post-operative mechanical alignments were examined and recorded using full-length mechanical axis radiographs of the operative extremity.
A Kaplan-Meier survival analysis was performed using either aseptic loosening requiring revision or definitive radiographic evidence of loosening as the endpoint. All data were subjected to averaging and analysis using the SPSS version 13.0 software package (SPSS Inc., Chicago, Illinois).
Results
Overall, the mean KSS improved from 44 points (range, 23-70 points) pre-operatively to 93 points (range, 59-100 points) at a mean follow-up of 10.4 years (range, 7 to 14 years). The functional scores showed similar improvements. There were Fig. 1 Intraoperative picture demonstrating the surgical technique. The tibial tray is cemented in place with a minimum cement mantle of 2 mm and the keel is inserted in a press-fit manner no manipulations under anaesthesia, infections, extensor mechanism problems or neurovascular complications.
The post-operative prosthetic alignment averaged less than 1°of deviation from the mechanical axis. For those patients with valgus deformity, the mean mechanical valgus was measured at 3.86°. Following TKA, the mean mechanical valgus decreased to 0.92°. For those patients with varus deformity, the mean mechanical varus prior to surgery was 7.07°, which decreased to 0.76°post-operatively.
Radiographic analysis revealed that 31 knees (61%) had no radiolucent lines (Fig. 2) . Of the 20 knees (39%) that had one or more radiolucent line, only one patient showed signs of progression. This patient required a revision TKA of the tibial component at 13.1 years. Table 1 provides a complete analysis of the number and zones of the radiolucent lines.
There was 100% survival at 10 years. Following this there were two revisions (one at 11.8 years and the previously reported one at 13.1 years). Revisions were done for a loose patella and extensive tibial component failure in one knee and tibial polyethylene wear in the other knee. In the worst case, survival probabilities at 2, 5 and 7 years were 100%, 100% and 96%, respectively. No deaths were reported during the follow-up period. Figure 3 shows the Kaplan-Meier survival curves for both normal and worst cases.
Discussion
Aseptic loosening of tibial components due to degradation of the interface between the bone cement and the metallic tibial shaft remains a persistent problem. The cementation of components in TKA has important clinical significance in revision and the avoidance of stress shielding. The findings of our study demonstrate excellent 10-year clinical results using a hybrid fixation technique with a proximally cemented tibial tray (minimum 2-mm cement mantle) and a cementless press-fit tibial keel design.
Cement versus cementless fixation for TKA continues to be a topic of debate and has received much attention in the literature [2, 4, 6, 13] . However, little data exists concerning the issue of cement or cementless keel/stem fixation in association with cemented tibial tray fixation. Many factors affect the stability of the tibial component, and different designs may have substantially differing degrees of stability, regardless of cement fixation [1, 6, 7, 11, 14, 22, 25] . Several clinical studies have addressed these issues with conflicting results. In a study using a keel design tibial component (Advantim Knee®; Wright Medical Technology, Arlington, Tennessee) in bone models, Bert and McShane [4] demonstrated increased micro-motion with a cementless keel and a 1-mm proximal cement mantle versus cemented keels. However, no significant differences in micro-motion were noted between cemented and cementless keel fixation if the proximal cemented mantle was increased to 3 mm.
Peters et al. [19] compared the full versus surface cement techniques for initial tibial component fixation in a cadaveric model . They found no difference between these modes of fixation using either an I-beam or cruciate type base plate, regardless of whether a full or surface cement technique was used. The researchers achieved an average of 3.6 mm of cement penetration into the tibial surface, with Fig. 2 An 83-year-old man. a Preoperative anteroposterior view. Thirteen-year follow-up b Anterior/posterior and c lateral views of the left knee no significant differences between the surface or full cement techniques. The investigators concluded that there was no difference in initial fixation between the surface cement technique and the full cement technique with these two designs. However, their study only ran to 6,000 cycles [19] . Clinical failures with the surface cement technique have taken 2 to 3 years, which is greater than a million cycles. In a randomised study using either a cemented or cementless tibial post, Sekundiak [21] found a statistically significant higher early failure rate, with debonding at the cement prosthesis interface, using the cementless technique. Sekundiak's report revealed a lack of radiographic findings in these failures because the bone-cement interface was well maintained. Wall and Branson [24] reported excellent mid-term survival using a press-fit tibial keel and a cemented tray. The average proximal cement mantle was 2.9 mm and the authors reported a failure rate of <0.1% at an average of 75 months. Naima et al. [17] reported no tibial loosening in a group of 207 knees at 10 years using cementless stems and cemented tibial trays. However, they also reported 11 tibial revisions due to osteolysis and asserted that this was caused by increased polyethylene wear from loosening of the femoral component. Mikulak et al. [15] , in a prospective study of bilateral total knee replacements, using the same tibial design and hybrid technique as in the current study, demonstrated a nearly 10% tibial loosening rate at an average of 22 months. The authors recommended cementing the keel in all primary total knee replacements. This is quite different from our current study, which demonstrates excellent 10-year clinical and radiographic results (98% survival) using a proximally cemented tibial tray with a press-fit tibial keel design. Comparison studies of cementless TKA are summarised in Table 2 .
One of the limitations of the study is that this was an older and less active patient population who had a mean age of 74 years. A younger, more active patient population might make this technique a less favourable option. Also, a randomised trial of this design comparing cemented versus cementless keels for tibial fixation has not been performed. These results may differ based on the implant design. Despite these limitations, the authors found that this approach was bone-conserving, which would limit bone loss in the case of revision, and the excellent results of this study suggests that this technique is a viable TKA option.
The results of the study must be interpreted specifically for the Series 7000, Stryker® TKR, as these outcomes may not apply to other TKA prosthetic designs. Furthermore, it should be noted that there was excellent post-operative alignment in our study cohort, with a mean of less than 1°f rom the true mechanical axis. Patients with greater deviations may not fare as well as our cohort. Additional Fig. 3 Fifteen-year Kaplan-Meier survival curves for both normal and worst cases 
